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REMARKS 

Claims 1-21 are pending m the application. Claims 17-21 have been withdrawn as 
directed to non-elected subject matter. 

Claim 14 was objected to as depending on a rejected base claim. Claim 14 has been 
rewritten in an independent fonn. No new matter is added by virtue of this amended and its 
entry is respectfiilly requested. 

Ciabn Rejections Under 35 US.C. § 102 
Claims 1-12, 1 5 have been rejected under 35 U.S.C. § 102 (c) as being anticipated by 
Wang et al (US 6,063^59 A). Applicants respectfully traverse. 

Applicants' invention is directed in part to a circuit board biosensor apparatus wherein 
the apparatus comprises reference electrodes (see. for example, page 6, lines 25-30; page 7, lines 
22-34; page 20, lines 22-33 through to page 21, lines 1-2; page 22. lines 21-34 through to page 
24 lines 1-21; page 28. lines 7-33 through to page 29, Unes 1-7; Examples 4.1 - 5.13); a plurality 
of nucleic acids attached thereto (see. for example, page 8, lines 13-29; page 10. lines 8-33; page 
18. Unes 19-33 through to page 20. Unes 1- 1 5; page 21, lines 19-33 through to page 24, lines l- 
26; page 26. lines 1 1- 32 through to page 27, lines 1-19; Examples 4,1-5.13); a means &r 
measuring current (see, for example, page 7, lines 12-21; page U. lines 1-15; page 18, lines 7- 
18; page 19, lines 29-33 through to page 20, lines 1-2; page 22, lines 9-20; page 27, lines 20-33 
through to page 29, lines I -7). The r.iirrent is produced bv the hvbridiged eleotrod^ bpwnd 
pucleic acid sepments and nuclric acid tar get segueneea when an electric potential is appUed. 

Applicants also teach a pulse ampflrnmetric monitor for the electrochemical detection of 
nucleic acid sequences (Claims 4. 6 and dependent claims therefrom). See, for example. Figures 
5. 6. 7-10, 12, and 15-18 showing data obtained with a pulse amperometric monitor and the text 
of the instant application on page 21, lines 2-33 througli to page 22. lines 1-34. Also described is 
an amperometric monitor for the electrochemical detection of nucleic acid sequences that 
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comprise pulse and intermittent pulse modes of operation. See for example, page 5 1. lines 1-33 
through to page 56, Unes I-IS; Figure 7 shows the nature of the varied modes of applying 
potential to the sensors. 

In contrast to applicants' invention, Wang et aL, does not teach or disclose the use of an 

r.lpp.tmr.liftinical apparatus for establishing «rP^»P^i«te potential on an electrode surfiice so that 

an electrical current can be generated and used for nucleic acid and/or protein, polypeptide, 

peptides or protein nucleic acid detection. (See for example, page 7, lines 6-1 1 of the instant 

application. In contrast, in Wang et al., Ti^Aa..»»ramant of chances in the electrochemical potsDlial 

of a acosor can be used to detect nucleic acids, and not. as in the instant invention, whereby the 

cur^nt generated at a sensor is used to detect nucleic acids. In other words, Wang et al., is 

directed to pntentiometric methods, procedures, and end results which are fundamentally 

different. Potentiometric detection of nucleic acids does anticipate in any way the possibility of 

amperometric detection of nucleic acids. Wang et al, teaches that the potential at the sensor 

surface changes when materials (specifically alanine residues of nucleic acids) that are absorbed 

or immobilized on the sensor are rrtiffnicallv oxidized. See. for example. Col. 6, lines 3-31: 

In both methods of the invention, pntenttometric stripping analysis (PSA) 
is employed to follow the ojddation of either the adsorbed nucleic acid 
species (Method 1) or the hybridization events (Method 2). In particular, 
ftnnstant current potentiometric stripping analysis (ccPSA) is used for 
measuring remarkably low levels (picogram (pg)) levels of nucleic acids 
at the carbon-based electrodes. Selected parameters of the fabncation 
process and the PSA operation allow convenient monitoring of sub- 
microgram per liter nucleic acid concentrations. Detection limits are 3 
rog'L for tRNA. 25 mg/L for ssDNA, and 30 mg/L for dsDNA. Unlike 
analogous voltanmietric monitoring of the adsorbed nucleic acid, which 
suffers from a large background current at the high potential associated 
with the Q^if|»,TiV.n the guanine moiety. the computerized PSA operation 
offers a nearly flat baseline, thus enablmg substantially lower detecuon 
limits. As desired for single-use applications, such operation eliminates 
the need for the previously-used (toxic) mercury-drop electrodes and 
related time-consuming deaeration steps. (Emphasis added). 

z>f r,l , tint measure cur rent pftnerated at the sensor, as taught by Applicants. The 
cumtnt in the instant ^r'-""^^ '^" rT^'^"^^^ the hybridized electrode hound nucleic acid 
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segments and nucleic acid target seottences_w hen an electric potential is applied. Wang et aL, do 
not teach or disclose the instant invention of a means whereby a nirrcnt can be generated and 
measured that is pm p^rtinnaltotheamounto fa specific target nucleic acid that is abs prt)edor 
immobilized on an electrode surface . 

The Examiner's allegations that Wang et aL, is inclusive of claims 4^ is therefbre. 
incorrect. Furthermore, it is well known to any one of ordinary sldU in the art that there are 
fundamental differences between potentiometric assays and amperometric assays. 
Potentiometric stripping analysis (PSA) does not measure cusient. It involves a preconcentration 
step and a siihaisquent striping atep . Preconcennration can involve adsoiption or 
eleotrodeposition, or other means of capturing the ahalyte/target on the electrode surface. 
Potentiometric stripping involves monitoring changes of the potential of the electrode as the 
captured analyte/target is allowed to undergo <^viHatinn or reduction. The oxidation or reduction 
can be accomplished by chemical means. i.e. using ^stripping reagent, or by electrochemical 
means. The potential of the electrode remains relatively constant as long as the analyte/target 
species are stiU present on the electrode surface. When the analyte/target is completely oxidized 
or reduced the potential of the electrode changes abruptly. The amount of time or charge needed 
to reach this point is proportional to the amount of the analyte/target preconcentratM on the 
electrode and consequently to the amount or concentration of the analyte/target in the sample. 
Wang et al., state in col. 10, lines 9-19: 

In testing, it was also found that the sensor response toward nucleic 
acids is stronplv dep ft n < 1ent upon the pre-concentration period. FIG. 4 
displays stripping potentiograms for 5 mg/L dsDNA after different pre- 
concentration periods ranging from 1 second (a), 60 seconds (b>, 90 
seconds (c), 120 seconds (d), 150 seconds (e) and 180 seconds (f)- Other 
than pre-concentration periods, other conditions used were those detailed 
for obtaining the plots of FIG. 2. Also shown as insets are plots of the 
stripping time versus the accumulation period for 5 mg/L dsDNA (a), 
88DNA (b) and tRNA (c>. (Emphasis added). 

Potentiometric stripping that involves a constant current is called the constant current 
Potentiometric Stripping Analysis (ccPSA). A variable potential is applied to the electrode to 
force a constant current. This can be done in a form of current pulses and the potential (E, 
signal) is measured between the pulses. The measured potential (E) is plotted as a function of 
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time (t) and the data is graphed as E-t curves. The quantization is usually based on the amount of 
time required for the potential to change. 

pw«/»ipif^ nf am perometric measurement, and in particular the intermittent pulse 
amperometry (IPA) of the instant invention claims, are completely different In amperometric 
measurements it is the ^ntr^nt p^nBi-ated at the electrode that js measured . In tWs measurement a 
potential is applied on the electrode and the resulting current is measured. The measured current 
is proportional to the concentration of species that can be oxidized or reduced by the applied 
potential. In contrast to the ccPS A described above, there is no Tnftq'"^rement n;iade when the 
p n tcrnti^i is not applied to the electrode. In the instant invention, amperometiic determinations of 
nucleic acids, the potential is conttoUed and the cuixent measured (See. for example. Claim 1 of 
the instant application). 

Yet another important distinction between ccPSA (Wang et al) and the instant invention 
Ucs in the sensitivity of detection achievable. By monitoring m \ y the potential at thg eleetroO s 
surface, which is determined in Wang et a/., by the environment and abundance of guanine 
residues. Wang et aK claims detection of one nanomole of a target nucleic acid (i.e. 
600,000.000,000.000 molecules). See, Wang e/fl/., column 6, lines 12-13. In contrast, using the 
disclosed amperometric measurements, Applicants have selectively detected nucleic add targets 
down to 30.000 molecules. See. for example, page 22. lines 17-20 of the instant appUcation. 
This extreme difference in sensitivity makes it possible for the instant amperometric approach to 
be used in many human and environmental health appUcations where potentiometric assays have 
no poBBibUity of being used. In summary, the instant invention is novel over Wang et al. 

The Examiner also alleges that: Wang et al, discloses DNA and RNA spontaneously 
immobilizing on tiie electrode (Col. 5. Wang et al.); that Method 2 by Wang et al.. (col 6, lines 
45-55) describes an electric potential appUed to the working electrode when the attached nucleic 
acid segments hybridize to nucleic acid targets; operation of microfabricated DNA strips 
combined with a hand-held, battery operated potentiometric strippmg analyzer is inclusive of 
claim 7; built-in software controls the entire sequence of events (Wang et al., col. 7, lines 58-67) 
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is viewed as being inclusive of the single key start operation of claim II and the microprocessor 
of claim 10. 

AppUcants respectfully traverse. In view of the afore going reasons. Applicants submit 
that Wang et al. do not teach or disclose the instant invention. 

AppUcants teach (Claim 5) a pulse amperometric monitor that simultaneous ly deteStSJUd 
quantifies leveU of a plurality of targets on electrode arrays where dual seniors can be used as 
elements of the array. The basic Electrode Design is described in section 3.2.1 of the 
application, with single and dual Bensots shown in Figures 2A and 2B. respectively. The use of 
pulse amperometric monitors with dual sensors for detection of nucleic acid sequences is 
described on. for exa^^Jle. page 63, lines 7-33 through to page 65. lines 1-29. 

As discussed above. appUcants measure the current produced by the cagtmof a target 
nucleic acid. Th''^ -"^"^ target induced and not applied by the apparatus. Moreover, 
the small, portable instrument that applies EQtoiM to a working electrode is the same instrument 
that transfers, records, analyzes and/or displays the current generated by the electrochemical 
assays as taught by appUcants. (See for example, page 18. lines 7-18; page 19. lines 1-8; page 
28, lines 7-30). Applicants apparatas is also tailored as a small, portable inatrument that applies 
potential to a working electrode is the same instrument that transfers, records, analyzes and/or 
displays the current generated by th« eleet«>obemical assays. (See for example, page 19, lines 1- 
8). 

Furthermore, specific differences between Wang et aL, and the instant inventum are as 
follows: (I). Potentiometric stripping and amperometric measurements are two fimdamentally 
different electrochemical techniques. (2). Wang a/., does not teach or disclose 8 sensor and 
methods of detecting mrrpnt prndaced h y fh« hybridized electrode bognd miplqc flcid segments 
»nrt nucleic acid target sequences w hen an electric potential is applied. In contrast, Wang et al, 
refers to a method based on a direct detection of nucleic acid targets which is via oxidation of 
one of the four nucleic acids- guanine, while, in contrast, the instant invention detects mm 
p ^ per^rftH from captured targets . (3). The instant invention is non destructive with respect to the 
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target because it involves Pi^h-nchemical reduction of a reagent and not the mm »«cleic 
acid, whereas, Wang et aL, is based on an gjectrochenriic^ oxidation of fte tarfieLnttoleic acid, 
which alters the chemicalnature of the target. (4). In its highest sensitivity embodiment, the 
instant application discloses signal amplification via the use of enzyme labels oncaptuisf^ 
targets- No such teachings or disclosure is found in Wang a/, (5) Establishing a system of 
one or a plurality of electrodes where changes in potential are measured does not In anyway 
suggest or imply to one skilled in the art that a system can be generated in which the current 
generated on one or a plurality of electrodes is measured and used to monitor the level of a 
nucleic acid target sequence. (6). The detection sensitivity achievable with the instant invention 
is at least 7 orders of magnitude greater than that achievable with that the potentiometric 
approach described by Wang et al (7). Wang et al. do not teach or disclose a single key start 
operation. Consequently, supports, labels, and methods of applying a voltage waveform 
effective to trigger Ught emission (for an optical detection system) differ greatiy from the 
appUoation of specific electrical potentials effective to result in rinrent generation when a target 
nucleic acid is captured at a surfece. as in the instant invention. Applicants submit that Wang et 
al, does not teach each and every limitation of applicants invention. 

In view thereof, AppUcants respectfully request reconsideration and withdrawal of the 35 
U.S.C. § 102(e) rejection as it applies to claims 1-12 and 15. 



Claim Rejections Under 35 VS.CS 103 
Claims 1-13, 15. 16 are naected under 35 U.S.C. § 103(a) as being unpatentable over 
Wang et al, (U.S. 6,063,259 A) in view of Murtagh (5.5 18,901). 

Applicants respectfully traverse. 

Wang et al, has been discussed in detail above and for the sake of brevity will not be 
repeated here. As discussed above, applicants measure the csHraitproduced by the £§Et!U[e.of 
target nucleic acid. That is, the current is large; induced.aod not applied by the apparatus. 
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Moreover, the small, portable instrument that applies potential to a working electrode is the same 
instrument that transfers, records, analyzes and/or displays the current generated by the 
electrochemical assays as taught by applicants. (See for example, page 18. Unes 7-18; page 19. 
. lines 1-8; page 28. lines 7^30). Applicants apparatus is also tailored as a small, portable 
instrument that applies potential to a working electrode is the same instrument that transfers, 
records, analyzes and/or displays the current generated by the electrochemical assays. (See for 
example, page 19. Unes 1-8). Applicants fiirther teach, the material needed to for the electrodes, 
the nucleic acid sequences, the anachmem of the nucleic acid probes to the electrodes, the 
quantity of capture nucleic acids eg. number per area (surface of electrode can be as small as 
0.001 mm^ to about lOO mm^ page 8. lines 4-5), the pattern of nucleic acids on the electrodes, 
the length of nucleic acid capture sequences, the solutions needed to measure the electric current, 
especially in view of detection of one nucleic acid sequence difference (see. for example, 
detection of single nucleotide polymorphisms on page 31, lines 8- 32 through to page 33. lines 1- 
28) and the like. 

On page 7 of the Office Action, the Examiner asserts that: 
Murtagh discloses method for detecting the presence of nucleotide 
sequence within a double stranded PNA in a sample compnsing the step of 
digesting the double stranded DNA with exonuclease which converts at 
least a portion of the double-stranded DNA to aingle-stranded DNA. 

Applicants respectfully traverse. AppUcants teach use of a S'-phospbate modified reverse 
primer during a PCR step to generate double stranded PCR products that can subsequently be 
made into single stranded DNA by digestion with an exonuclease that acts on the S'-phosphate 
modified strand. The forward primer used in the PCR may be optionaUy modified as well, so 
that the single-stranded material remaining after exonuclease digestion is prepared for a) binding 
to the sensor surface and b) hybridization with a detector probe that has high selectivity for the 
nucleic acid target sequence of interest, (see. for example, page 14. lines 7-24; page 30, lines 3- 
33 toough to page 31. lines 1-7). 
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Murtagh presents data on use of exonuclease as an enzyme reagent only with regard to 
improved use of the polymerase chain reaction (PCR) technique whereby many copies of a 
segment of a target nucleic acid can be obtained. In the instant invention. Applicants teach the 
use of the exonuclease reaction only in spftf.ific applications of anfflgEOfflfi^ detection 
methodology. In these applications the double-stranded product of a PCR reaction is treated 
with the exonuclease enzyme with the specific aim of making it angle stranded - Onco it is 
single-stranded, it can be hybridized with a detector probe and then electrochemically detected. 
In contrast to the instant invention, Muitagh uses exonuclease in generating ao improved PCR 
reaction, while Applicants teach the means whereby a PCR reaction product can be selectively 
detected via amperoroetric electrochemical detection. 

In summary. Applicants teach measuring the cwir^nt produced by the caEhmof a target 
nucleic acid. That is. the current target induced and not applied by the apparatus. Neither 
Wang et al., alone or in combination teach Applicants invention. 

Applying Wang et al.. which dogaafit teach measuring the current produced .by the 
oaEJ!jis,of a target nucleic acid to Murta^ which is directed to identifying DNA in a sample 
comprising DNA which is the product of a DNA ampUfication technique and which does not 
teach or disclose tiie sensor and methods of Applicants invention does not make the instant 
application obvious. Mutagh state in col 4, lines 24-39: 

The present invention provides a method of detecting the presence 
of a nnr.lflotide semiftnr.ft within a ^niihi^-Qtranded DNA in a sample 
comprising: a. digesting the doublc-strandcd DNA with an exonuclease 
which converts at least n P^^^Q" double-stranded pNA to single ^ 
stranded DNA, b. binding the single-stranded DNA with a nucleic acid 
probe which selectively hybridizes with the single-stranded DNA, and c. 
detecting hybridization between the single-stranded DNA and the nucleic 
acid probe, the existence of hybridization indicating the presence of me 
nucleotide sequence within the double-stranded DNA in the sample. The 
present invention fiirther provides a method of detecting the presence of a 
nucleotide sequence in a sample com prisiTie DNA which is th e product o l 
a DMA amplifinwtinn technique . (Emphasis added). 
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Furtbemiore. Murtagh uses a colorimetric assay which is routine to one of ordinary skill 
intheart. Detection of colorchingei as opposed to Tp eosii iipp an electejc current produced by 
hybridizing molecules, would inherently require significantly different supports, labels and 
methods. There is no motivation provided in either references, nor a reasonable expectation of 
success to one of ordinary skill in the art to combine the teachings and arrive at the instant 
invention. Neither Wang et aU alone or in combination with Murtagh teach nor disclose tt»at a 
sensor and means thereof for the detection of W^'T'^nd'^t electric^ currents (afiUS^ 
generated by selectively captured on electrodes. Both cited articles M to disclose means 
to generate and detect cuirents associated vdth captured nucleic acid targets. 

For at least the reasons given above. Applicants respect&Uy submit that Claims 1-13, 15. 
and 16 and dependent claims therefrom are allowable over the cited references of record. 
Accordingly. Applicants lespectfolly request reconsideration and withdrawal of the rejection. 

AppUcants note the Examiner's objection to claim 14. which the Examiner states 

CONCLUSION 

AppUcants respectfiilly request entry of the foregoing lemaiks and icconridcration and 
withdrawal of aU rejections. It is respectfUly submitted tha* this applioatiou with claims 1-16 
define patentable subject matter and is in condition fer aUowance. Accordingly, Applicant 
respectftiUy requests allowance of these claims. 

This response is being filed within the shortened statutory period and thus beUeve that no 
fees are due. Although. AppUcants believe that no extensions of time are required with 
submission of this paper. AppUcants request that this submission also be considered as a petition 
for any extension of time if necessary. The Commissioner for Patents and Trademarks is hereby 
authorized to charge the amount due for any retroactive extensions of time and any deficiency m 
any fees due with the fiUng of this paper or credit any overpayment in any fees paid on the fiUng 
or during prosecution of this application to Deposit Account No. 50-0951 . 
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If there are any remaining issues or the Examiner believes that a telephone conversation 
with the Applicants- attorney would be helpful in expediting prosecution of this appUcation, the 
Examiner is invited to call the undersigned at telephone number shown below. 

Respectfully submitted. 
AKERMANSENTERFITT 



nated: Seotftmber 8. 2005 



Nicholas A. Zachariades. 
Reg. No. 36,712 
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